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1
MOTOR DRIVE SYSTEM

TECHNICAL FIELD

The present invention relates to a three-phase brushless
motor to which two electrically independent controllers are
connected and a motor drive system.

BACKGROUND OF THE INVENTION

For example, 1n vehicles, a brushless motor i1s used as a
drive source for assisting the rotation of a steering and the
like. Moreover, the brushless motor 1s used also as a drive
source which rotates a steering when detecting the lane of a
road and a vehicle running immediately ahead, and then auto-
matically operating a vehicle based on a signal of the detec-
tion.

As described above, the brushless motor used as the drive
source which rotates a steering has been required to have high
reliability. Furthermore, the brushless motor has been
required to be designed in such a manner as to perform a
minimum function even when a failure, such as disconnec-
tion, occurs 1n coils constituting the brushless motor. For
example, Patent Literature 1 discloses a configuration such
that a switching unit, which 1s movable between a closed
position at which current flows in each phase winding and an
open position at which current does not tlow, operates when a
failure occurs.

Patent Literature 2 discloses a configuration such that two
or more power electronics each are provided 1n a stator having
a winding portion separated into two or more portions as a
starter generator system of vehicles.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Unexamined Patent Application
Publication No. 2000-500102

Patent Literature 2: Japanese Unexamined Patent Application
Publication No. 2002-142397

SUMMARY OF INVENTION

In automatic operation of vehicles, a brushless motor used
as a drive source which rotates a steering has been required to
have a structure of generating torque which rotates the steer-
ing even when a failure occurs, 1.e., a design concept of
double safety.

For example, 1n a case where two sets, each containing a
brushless motor as a drive source which rotates a steering and
a controller, are simply provided, even when a failure occurs
in one set, torque which rotates the steering can be given by
the other set. However, providing the two sets doubles the cost
and the space, and therefore such a structure 1s not realistic.

When two electrically independent coils each are wound
around each of the teeth of a stator of the brushless motor, two
coill groups which generate rotating magnetic fields 1in an
clectrically independent manner are provided in one brush-
less motor as an outer shape. However, since there 1s a neces-
sity of arranging an msulating material for insulating the two
coils around the teeth, the capacity occupied by the coils
decreases corresponding to the space occupied by the 1nsu-
lating material. As a result, a problem such that the output of
the motor decreases occurs.

The present invention has been made in view of the above-
described circumstances. It 1s an object of the invention to
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2

provide a three-phase brushless motor which satisfies the
design concept of double safety and which can suppress a
reduction 1n output and cost increase and a motor drive sys-
tem having such a three-phase brushless motor.

(1) A motor drive system according to the present invention
has: a motor having a plurality of coils classified into a group
A and a group B, a stator having a plurality of teeth, around
cach of which any one of the coils classified into the group A
and the group B 1s wound and which are arranged 1n an
annular shape, a rotor shait which is provided inside the stator
and extends 1n the axial direction, and a rotor which 1s exter-
nally fitted to the rotor shatt; a first controller which applies
three-phase voltages of a U phase, a V phase, and a W phase
to each coil classified 1into the group A; a second controller
which applies the three-phase voltages to each coil classified
into the group B; and a sensor portion which outputs an
clectric signal according to a rotation angle of the rotor shaft
to the first controller and the second controller. The number X
of magnetic poles of the teeth of the stator and the number Y
of magnetic poles of magnets of the rotor satisiy Expression
1. The total number of the coils when the teeth of the stator are
set as one unit 1s the same as the number X of magnetic poles
of the teeth. Both the total number of the coils contained in the
group A and the total number of the coils contained 1n the
group B are X/2. The first controller and the second controller
apply the three-phase voltages to the corresponding coils,
irrespective of whether the other controller applies the three-
phase voltages to the coils. An induced voltage of each coil in
cach of the group A and the group B constitutes the three
phases and the phase of the induced voltage of each coil of the
same phase 1n each of the groups 1s the same. There 1s a phase
difference between the induced voltage of each coil contained
in the group A and the induced voltage of each coil contained
in the group B.

X:Y=6n:6n+2 [Expression 1]

(In Expression 1, n 1s an iteger of 2 or more.)

According to the configuration described above, a system
which rotates the motor 1s multiplexed (duplicated) and each
system 1s configured to be electrically independently oper-
able 1rrespective of the operation state of the other system.
Thus, a double safety system can be achieved 1n which even
when an abnormality occurs 1n one system, the motor can be
rotated by the other system. Moreover, since there 1s no neces-
s1ty of winding the two electrically independent coils around
cach of the teeth of the stator, there 1s no necessity of securing
a space lor arranging the insulating material between the
coils.

Herein, “the controllers are electrically independent”
refers to the fact that the first controller and the second con-
troller do not exchange information with each other and one
controller can operate without being atfected by the operation
state of the other controller. More specifically, the second
controller can apply the three-phase voltages to the coils of
the group B, 1rrespective of whether the system from the first
controller to the coils of the group A normally operates or
stops. Similarly, the first controller can apply the three-phase
voltages to the coils of the group A, 1rrespective of whether
the system from the second controller to the coils of the group
B normally operates or stops.

(2) Preferably, the sensor portion has a first sensor and a
second sensor each having a resolver stator having a plurality
ol resolver teeth, around each of which an excitation winding,
a first output winding, and a second output winding are
wound and which are arranged in an annular shape and a
resolver rotor which 1s provided inside the resolver stator and
integrally rotates with the rotor shaft. The first controller
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applies an excitation voltage to the excitation winding of the
first sensor and detects the rotation angle of the rotor shatt
based on the combination of the output voltages of the first
output winding and the second output winding of the first
sensor. The second controller applies an excitation voltage to
the excitation winding of the second sensor and detects the
rotation angle of the rotor shait based on the combination of
the output voltages of the first output winding and the second
output winding of the second sensor.

According to the configuration described above, the sys-
tem ol detecting the rotation angle of the rotor shaft 1s mul-
tiplexed (duplicated 1n this embodiment) and each system 1s
configured to be idependently operable. Thus, a double
safety system can be achieved in which even when an abnor-
mality occurs 1n one system, the other system can continue
the detection of the rotation angle of the rotor shatt.

(3) The motor drive system may be one 1n which the num-
ber X of magnetic poles of the teeth 1s 12, the number Y of
magnetic poles of the magnets 1s 10 or 14.

Since the phase of the induced voltage of each coil of the
same phase 1n each of the group A and the group B 1s the same,
a synthesized voltage of a plurality of coils becomes the
maximum, so that the output of the motor improves.

A three-phase brushless motor according to the present
invention has: a stator 1n which a coil 1s wound around each of
a plurality of teeth and which generates a rotating magnetic
ficld by applying three-phase voltages of a U phase, a V
phase, and a W phase to each coil from two electrically
independent controllers; and a rotor which has a plurality of
magnets and 1s rotated by the rotating magnetic field of the
stator. The number X of magnetic poles of the teeth of the
stator and the number Y of magnetic poles of the magnets of
the rotor satisiy Expression 1 above. The total number of the
coils when the teeth of the stator are set as one unit 1s the same
as the number X of magnetic poles of the teeth. Each of the
coils 1s classified 1into a group A and a group B according to
the controller, to which the coil 1s connected, of the control-
lers. Both the total number of the coils contained 1n the group
A and the total number of the coils contained 1n the group B
are X/2.

The three-phase voltages of a U phase, a 'V phase, and a W
phase are applied to each coil from the two independent
controllers, so that a rotating magnetic field occurs. Thus,
even when disconnection or the like occurs 1n the coils con-
tained 1n either the group A or the group B, a rotating mag-
netic field 1s generated by the coils contained in the other
group, so that the rotor rotates. Since there 1s no necessity of
winding two electrically independent coils around each of the
teeth of the stator, there 1s no necessity of securing the space
for arranging an insulating material between the coils.

According to the three-phase brushless motor and the
motor drive system according to the mnvention, double safety
1s achieved and a reduction 1n the output of the motor and cost
increase are suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a schematic view 1llustrating the configuration of
a brushless motor 10 and controllers 15 and 16 according to
Embodiment 1 of the invention.

FIG. 2 1s a plan view 1llustrating the internal configuration
of the brushless motor 10.

FI1G. 3 1s an arrangement diagram of coils 23 1n a stator 13.

FI1G. 4 1s a connection wiring diagram of the coils 23.

FI1G. 5 1s aview illustrating induced voltages of U phases of
the stator 13.
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4

FIG. 6 1s a connection wiring diagram of the coils 23
according to a modification.

FIG. 7 1s an arrangement diagram of the coils 23 when the
number X of magnetic poles of teeth 1s 18.

FIG. 8 1s a connection wiring diagram of the coils 23 when
the number X of magnetic poles of the teeth 1s 18.

FIG. 9 1s a schematic view 1illustrating the configuration of
a motor drive system according to Embodiment 2 of the
invention.

FIG. 101s a schematic view illustrating the configuration of
a first resolver 31.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the invention 1s described in detail based on
preferable embodiments with reference to the drawings as

appropriate. The embodiments are merely examples of the
invention and can be altered as appropriate 1n a range where
the gist of the invention 1s not changed.

Embodiment 1
Schematic Configuration of Brushless Motor 10

A brushless motor 10 illustrated in FIG. 1 has arotor 11, a
shaft 12, a stator 13, a housing 14, and the like. The housing,
14 houses the rotor 11, the shaft 12, and the stator 13 therein.
The brushless motor 10 1s electrically connected to two con-
trollers 15 and 16 which supply electric power by harnesses
17 and 18. Each of the controllers 15 and 16 1s electrically
connected to coils 23 of the stator 13. The electric power
supplied from each of the controllers 15 and 16 1s applied to
cach coil 23. Each of the controllers 15 and 16 supplies
three-phase voltages of a U phase, a V phase, and a W phase.
A motor drive system according to Embodiment 1 1s consti-
tuted by the brushless motor 10 and the controllers 15 and 16.

As 1llustrated 1n FIGS. 1 and 2, the rotor 11 has an approxi-
mately cylindrical shape and 1s provided with ten magnets 20
which are equally separated along a circumierential direction
101. In the rotor 11, a plurality of steel sheets having a disk
shape as viewed 1 plan 1n FIG. 2 are laminated 1n an axial
direction 102 and are bonded to each other by crimping to be
integrated. In the steel sheets, ten penetration holes are
formed at intervals 1n a circumierential direction 101 and
columnar-shaped magnets 20 are inserted into the penetration
holes and are fixed by an adhesive or the like. A penetration
hole 1s formed also 1n the center of the rotor 11, and the shaift
12 1s press-fitted into the penetration hole. The shait 12 1s
rotatably supported by the housing 14 through a bearing.

As 1llustrated 1in FIGS. 1 and 2, the stator 13 1s one 1n which
the coils 23 are wound around a stator core 19 having an
approximately cylindrical shape. In the stator core 19, a plu-
rality of steel sheets having a shape as viewed 1n plan i FIG.
2 are laminated 1n the axial direction 102 and are bonded to
cach other by crimping to be integrated. The stator core 19 has
a core voke 21 at the peripheral side and 12 teeth 22 projected
to the center of the cylinder from the core yoke 12 are
arranged at an equal 1nterval 1n the circumiferential direction
101. The coil 23 1s wound around each of the teeth 22. Each
coil 23 1s electrically connected to only either one of the
controllers 15 and 16 and generates a magnetic field based on
the electric power given from the controller 135 or 16.

As 1llustrated 1n FIG. 3, the 12 coils 23 wound around the
teeth 22 of the stator core 19 are classified into three phases of
a U phase, a V phase, and a W phase according to the phase of
the voltage applied from the controllers 15 and 16. In FIG. 3,




US 9,172,324 B2

S

four coils 23 are classified into the U phase and are indicated
as Ul, U2, U3, and U4. Four coils 23 are classified into the V

phase and are indicated as V1, V2, V3, and V4. Four coils 23
are classified mto the W phase and are indicated as W1, W2,
W3, and W4.

In the stator 13, the coils 23 of the phases are clockwise
arranged from the position at 12:00 1n FIG. 3 1n the order of
U2, U1, W4, W3, V4, V3, U4, U3, W2, W1, V2 and V1. By
the arrangement, the phases of the induced voltages are the
same 1n the two coils 23 indicated as U2 and U4 and the
phases of the induced voltages are the same 1n the two coils 23
indicated as Ul and U3 1n the U phase. Between the induced
voltages of the two coils 23 indicated as U2 and U4 and the
induced voltages of the two coils 23 indicated as U1 and U3,
a phase difference 1n which the electric angle 1s 30° arises.

In the V phase, the phases of the induced voltages are the
same 1n the two coils 23 indicated as V2 and V4 and the phases
of the induced voltages are the same in the two coils 23
indicated as V1 and V3. Between the induced voltages of the
two coils 23 indicated as V2 and V4 and the induced voltages
of the two coils 23 indicated as V1 and V3, a phase difference
in which the electrical degree 1s 30° arises.

In the W phase, the phases of the induced voltages are the
same 1n the two coils 23 indicated as W2 and W4 and the
phases of the induced voltages are the same 1n the two coils 23
indicated as W1 and W3. Between the induced voltages of the
two coils 23 indicated as W2 and W4 and the induced voltages
of the two coils 23 indicated as W1 and W3, a phase differ-
ence 1n which the electrical degree 1s 30° arises.

Herein, among the 12 coils 23, the coil group contaiming
the six coils 23 connected to the controller 15 1s set as the
group A and the coil group containing the six coils 23 con-
nected to the controller 16 1s set as the group B. The group A

contains the six coils 23 constituting the three phases of Ul,
U3, V1, V3, W1, and W3. The group B contains the six coils

23 constituting the three phases of U2, U4, V2, V4, W2, and
W4. The s1x coils 23 contained 1n the group A and the six coils
23 contained 1n the group B are electrically independent from
cach other.

As 1llustrated 1n FIG. 4, 1n the s1x coils 23 contained in the
group A, Ul and U3 are connected 1n series, V1 and V3 are
connected 1n series, W1 and W3 are connected 1n series, and
the two U-phase coils 23, the two V-phase coils 23, and the
two W-phase coils 23 are star-connected. In the six coils 23
contained 1n the group B, U2 and U4 are connected 1n series,
V2 and V4 are connected 1n series, W2 and W4 are connected
in series, and the two U-phase coils 23, the two V-phase coils
23, and the two W-phase coils 23 are star-connected.

FIG. 5 shows induced voltages when electric power 1s

applied to the U-phase four coils 23 (U1, U2, U3, U4) from
the controllers 15 and 16. The two coils 23 (U1, U3) con-
tained in the group A have the same phase and the two coils 23
(U2, Ud) contained in the group B have the same phase as
illustrated by the solid line 1 FIG. 5. Thus, the synthesized
induced voltages of the two coils 23 1n the group A and the
group B become twice (200%) as illustrated by the dashed
lines. When 1t 1s supposed that a phase difference 1n which the
clectrical degree 1s 30° arises 1n the two coils 23, the synthe-
s1zed induced voltage 1s given by 0.966x200% as 1llustrated
by the dotted lines. Thus, due to the fact that the two coils 23
(U1, U3) contained 1n the group A have the same phases and
the two coils 23 (U2, U4) contained in the group B have the
same phases, the synthesized induced voltages of the coils 23
in each group becomes the maximum.

The three-phase voltages of the U phase, the V phase, and
the W phase are applied to each coil 23 from the two inde-
pendent controllers 15 and 16, so that a rotating magnetic
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field 1s generated as described above. Thus, even when dis-
connection or the like occurs 1n the six coils 23 contained 1n
either the group A or the group B, a rotating magnetic field 1s
generated by the six coils 23 contained 1n the other group, so
that the rotor 11 rotates. Since there 1s no necessity of winding
two electrically independent coils around each of the teeth 22
of the stator core 19, there 1s no necessity of securing the
space for arranging an insulating material between the coils.

Since the phases of the induced voltages of the two coils 23
ol the same phase 1n each of the group A and the group B are
the same, the synthesized voltage of the two coils 23 becomes
the maximum, so that the output of the brushless motor 10
1IMproves.

In the embodiment described above, the two coils 23 of the
same phase are connected 1n series 1n the six coils 23 con-
tained 1n the group A or the group B. As illustrated 1n FIG. 6,
however, the two coils 23 of the same phase may be connected
in parallel. More specifically, in the six coils 23 contained 1n
the group A, Ul and U3 are connected 1n parallel, V1 and V3
are connected 1n parallel, W1 and W3 are connected 1n par-
allel, and the two coils 23 of the U phase, the two coils 23 of
the V phase, and the two coils 23 of the W phase may be
star-connected. In the si1x coils 23 contained 1n the group B,
U2 and U4 are connected 1n parallel, V2 and V4 are connected
in parallel, W2 and W4 are connected in parallel, and the two
coils 23 of the U phase, the two coils 23 of the V phase, and the
two coils 23 of the W phase may be star-connected.

Although, in the embodiment described above, the brush-
less motor 10 1s configured so that ten magnets 20 are
arranged at the rotor 11 and the number Y of magnetic poles
of the magnets 1s 10, the same operation and effect as those of
the embodiment described above are demonstrated even
when the brushless motor 10 1s configured so that 14 magnets
are arranged at the rotor 11 and the number Y of magnetic
poles of the magnets 15 14.

The embodiment described above discloses the brushless
motor 10 in which the number X of magnetic poles of the
teeth of the stator 13 1s 12 and the numberY of magnetic poles
of the magnets of the rotor 11 1s 10. In the invention, however,
the number X of magnetic poles of the teeth of the stator and
the number Y of magnetic poles of the magnets of the rotor
may satisiy Expression 1.

X:Y=6m:6n=x2 [Expression 1]

(In Expression 1, n 1s an iteger of 2 or more.)

In this case, the total number of the coils when the teeth of
the stator are set as one unit 1s the same as the number X of
magnetic poles of the teeth. Both the total number of the coils
contained 1n the group A and the total number of the coils
contained 1n the group B are X/2.

Thus, for example, as illustrated 1 FIGS. 7 and 8, the
number X of magnetic poles of the teeth of the stator 13 may
be 18. Although not i1llustrated 1n the figures, the numberY of
magnetic poles of magnets of the brushless motor 10 to be
attached to the stator 13 1s 16 or 20.

In the stator 13, the coils 23 of the phases are clockwise
arranged from the position at 12:00 1 FIG. 7 1n the order of
U2, U1, W6, WS, W4,V6,V5,V4, U6, U5, U4, W3, W2, W1,
V3, V2, V1, and U3. By the arrangement, the phases of the
induced voltages are the same 1n the two coils 23 indicated as
U1 and U4, the phases of the induced voltages are the same in
the two coils 23 indicated as U2 and U3, and the phases of the
induced voltages are the same in the two coils 23 indicated as
U3 and U6 1n the U phase. Between the induced voltages of
the two coils 23 indicated as Ul and U4 and the imnduced
voltages of the two coils 23 indicated as U2 and US, a phase
difference 1n which the electric angle 1s 20° arises. Between
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the induced voltages of the two coils 23 1indicated as U2 and
US and the induced voltages of the two coils 23 indicated as

U3 and U6, a phase difference in which the electrical degree
1s 20° arises.

In the V phase, the phases of the induced voltages are the
same 1n the two coils 23 indicated as V1 and V4, the phases of
the induced voltages are the same 1n the two coils 23 indicated
as V2 and V5, and the phases of the induced voltages are the
same 11 the two coils 23 indicated as V3 and V6. Between the
induced voltages of the two coils 23 indicated as V1 and V4
and the mduced voltages of the two coils 23 indicated as V2
and V5, a phase difference 1n which the electrical degree 1s
20° arises. Between the induced voltages of the two coils 23
indicated as V2 and V5 and the induced voltages of the two
coils 23 indicated as V3 and V6, a phase difference 1n which
the electrical degree 1s 20° arises.

In the W phase, the phases of the induced voltages are the
same 1n the two coils 23 indicated as W1 and W4, the phases
of the induced voltages are the same in the two coils 23
indicated as W2 and WS, and the phases of the induced
voltages are the same 1n the two coils 23 indicated as W3 and
W6. Between the induced voltages of the two coils 23 1ndi-
cated as W1 and W4 and the induced voltages of the two coils
23 indicated as W2 and WS, a phase difference in which the
clectrical degree 1s 20° arises. Between the induced voltages
of the two coils 23 indicated as W2 and W5 and the mnduced
voltages of the two coils 23 indicated as W3 and W6, a phase
difference 1n which the electrical degree 1s 20° arises.

Herein, among the 18 coils 23, the coil group contaiming
the nine coils 23 connected to the controller 15 1s set as the
group A and the coil group containing the nine coils 23
connected to the controller 16 1s set as the group B. The group
A contains the nine coils 23 constituting the three phases of
Ul, U3, U5, V1, V3, V5, W1, W3, and W5. The group B
contains the nine coils 23 constituting the three phases o1 U2,
U4, U6, V2, V4, V6, W2, W4, and W6. The nine coils 23
contained in the group A and the nine coils 23 contained in the
group B are electrically independent from each other.

Asillustrated 1n FIG. 8, 1n the nine coils 23 contained 1n the
group A, U1, U3, and U5 are connected 1n series, V1, V3, and
V5 are connected 1n series, W1, W3, and W5 are connected in
series, and the three U-phase coils 23, the three V-phase coils
23, and the three W-phase coils 23 are star-connected. In the
nine coils 23 contained 1n the group B, U2, U4, and U6 are
connected 1n series, V2, V4, and V6 are connected 1n series,
W2, W4, and W6 are connected 1n series, and the three
U-phase coils 23, the three V-phase coils 23, and the three
W-phase coils 23 are star-connected.

Thus, the same operation and etlect as those of the embodi-
ment described above are demonstrated even when the brush-

less motor 10 1s configured so that the number X of magnetic
poles of the teeth of the stator 13 1s 18.

Embodiment 2

Next, a motor drive system according to Embodiment 2 of
the invention 1s described with reference to FIGS. 9 and 10.
Since a fundamental configuration 1s common to that of FIG.
1, the constituent components common to those of FIG. 1 are
designated by the same reference numerals, a detailed
description thereof 1s omitted, and the description 1s given
focusing on differences.

As 1llustrated 1in FI1G. 9, the motor drive system according
to Embodiment 2 1s different {from that of Embodiment 1 in
that the brushless motor 10 further has a first resolver 31 (first
sensor) and a second resolver 32 (second sensor). The first
resolver 31 and the second resolver 32 are sensors which
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output electric signals according to the rotation angle of a
shaft 12 (rotor shatt). A sensor portion according to Embodi-
ment 2 1s constituted by the two sensors.

As 1llustrated in FIG. 10, the first resolver 31 has a resolver
rotor 49 and a resolver stator 48 having resolver teecth 44, a
stator body 45, and sensor coils 46. The first resolver 31 1n this
embodiment 2 1s a so-called variable reluctance type resolver
in which winding 1s not wound around the resolver rotor 49.

The stator body 43 1s configured to have an approximately
cylindrical shape, in which eight resolver teeth 44 are pro-
jected from the inner circumierential surface to the inner side
in the diameter direction. Thus, the eight resolver teeth 44 are
arranged 1n an annular shape. The stator body 45 1s obtained
by pressing a steel plate of a predetermined thickness into a
shape as viewed 1n plan 1n FIG. 10, for example, laminating a
plurality of the steel plates, and then integrally fixing the steel
plates by crimping or the like. The number of the resolver
teeth 44 1s not limited to eight. The stator body 45 may have
ten resolver teeth 44, for example. The number of the resolver
teeth 44 1s changed as appropriate according to the number of
salient poles of the resolver rotor 49, for example.

Excitation coils 41 (excitation winding), first coils 42 (first
output winding), and second coils 43 (second output winding)
are wound around each of the resolver teeth 44 of the stator
body 45 1n the predetermined winding direction. Thus, the
sensor coils 46 are constituted in the stator body 435. The first
coil 42 and the second coil 43 are wound around each of the
resolver teeth 44 1n such a manner that the phase varies by
90°. For the winding of the excitation coils 41, the first coils
42, and the second coils 43, a flyer type or a nozzle type
winding machine 1s used, for example. In FIG. 10, the exci-
tation coils 41, the first coils 42, and the second coils 43 are all
illustrated as the sensor coils 46.

The resolver rotor 49 1s arranged 1nside the eight resolver
teeth 44 provided 1n the resolver stator 48. More specifically,
the resolver rotor 49 and the eight resolver teeth 44 face each
other at a predetermined 1nterval 1n the diameter direction of
the resolver stator 48. The resolver rotor 49 1s coaxially fixed
to the shait 12 of the brushless motor 10. More specifically,
the resolver rotor 49 1s configured 1n such a manner as to be
integrally rotatable with the shaft 12.

The resolver rotor 49 1s obtained by laminating a plurality
of steel plates having an approximately oval shape as viewed
in plan, and then fixing the steel plates by crimping or the like.
The peripheral of the resolver rotor 49 1s formed 1nto a shape
in which the gap permeance between the resolver rotor 49 and
the resolver stator 48 changes in the shape of a sine wave
relative to the angle g 1n the rotation direction of the resolver
rotor 49. In this embodiment 2, although the resolver rotor 49
1s provided with salient poles at two places of an outer shape,
the number of the salient poles 1s not limited to two. For
example, the salient poles may be formed at three places of an
outer shape of the resolver rotor 49.

The first resolver 31 of the configuration described above1s
clectrically connected to the controller 15 (first controller) by
harnesses 33 and 35. In more detail, the controller 15 applies
an excitation voltage to the excitation coils 41 through the
harness 33. When the rotor 12 rotates in this state, SIN output
voltages are output from the first coils 42 and COS output
voltages are output from the second coils 42. The output
voltages are transmitted to the controller 15 through the har-
ness 35. The controller 15 detects the rotation angle q of the
shaft 12 based on the combination of the SIN output voltages
and the COS output voltages acquired from the first resolver
31 through the harness 35.

Since the configuration of the second resolver 32 1s com-
mon to that of the first resolver 31, the repeated description 1s
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omitted. The second resolver 32 is electrically connected to
the controller 16 (second controller) by harnesses 34 and 36.
In more detail, an excitation voltage 1s applied to the excita-
tion coils of the second resolver 32 from the controller 16
through the harness 34 and SIN output voltages and COS
output voltages are output from the first coils and the second
coils to the controller 16 through the harness 36 with the
rotation of the rotor 12. More specifically, the first resolver 31
and the second resolver 32 have the same configuration and
the same operation and are different in the controller to which
the resolver 1s connected, 1.e., the controller 15 or the con-
troller 16.

In the motor drive system of the configuration described
above, the three-phase voltages of the U phase, the V phase,
and the W phase are supplied to the coils 23 belonging to the
group A Irom the controller 15 and the three-phase voltages of
the U phase, the V phase, and the W phase are supplied to the
coils 23 belonging to the group B from the controller 16
similarly as in Embodiment 1.

Herein, when there are no abnormalities 1n the brushless
motor 10 (for example, when disconnection does not occur in
all the coils 23 belonging to the group A and the group B, the
harness 17 and 18, and the like), the three-phase voltages
applied to the coils 23 belonging to the group A and the group
B from the controllers 15 and 16 are synchronized by a
control circuit which 1s not illustrated. Between the control-
lers 15 and 16, however, information exchange for synchro-
nizing the voltages applied to the coils 23 1s not performed
and the controllers 15 and 16 operate independently from
cach other.

When there are no abnormalities in the sensor portion (for
example, when disconnection does not occur in the sensor
coils 46, the harnesses 33 to 36, and the like), the controllers
15 and 16 detect the rotation angle g of the shait 12 based on
the output voltages acquired from the first resolver 31 and the
second resolver 32, respectively. In this case, the rotation
angle g of the shaft 12 detected by the controllers 15 and 16
shifts by the phase difference of the electrical degree of the
adjacent coils 23. More specifically, in the example of FI1G. 3,
the rotation angle g of the shait 12 detected by the controllers
15 and 16 shifts by 30° and, 1n the example of FIG. 7, the
rotation angle g of the shaft 12 detected by the controllers 15
and 16 shiits by 20°.

Onthe other hand, when disconnection or the like occurs 1n
the coils 23 belonging to the group A or the harness 17, the
controller 15 cannot apply the three-phase voltages to the
coils 23 belonging to the group A. However, the shaft 12 can
be rotated by applying the three-phase voltages to the coils 23
belonging to the group B by the controller 16. Although the
rotation torque 1n this case 1s inferior to that 1in the case where
the three-phase voltages are applied from both the controllers
15 and 16, the brushless motor 10 can be rotated even when an
abnormality occurs 1n the system from the controller 15 to the
coils 23 belonging to the group A. Even when an abnormality
occurs 1n the system from the controller 16 to the coils 23
belonging to the group B, the shailt 12 can be rotated by
applying the three-phase voltages to the coils 23 belonging to
the group A by the controller 15 similarly as above.

More specifically, the controller 16 can rotate the shait 12
by applying the three-phase voltages to the coils 23 belonging
to the group B, wrrespective of whether the system from the
controller 15 to the coils 23 belonging to the group A oper-
ates. Similarly, the controller 15 can rotate the shait 12 by
applying the three-phase voltages to the coils 23 belonging to
the group A, wrrespective of whether the system from the
controller 16 to the coils 23 belonging to the group B oper-
ates. More specifically, the controllers 15 and 16 can apply the
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three-phase voltages to the corresponding coils 23, 1rrespec-
tive of whether the other controller applies the three-phase
voltages to the corresponding coils 23. It can be said that the
controllers 15 and 16 are electrically independent from the
drive of the brushless motor 10.

When disconnection or the like occurs 1n the sensor coils

46 of the first resolver 31 or the harnesses 33 and 35, the
controller 15 cannot detect the rotation angle q of the shatt 12.
However, the controller 16 can detect the rotation angle q of
the shait 12 based on the electric signal output from the
second resolver 32. More specifically, even when an abnor-
mality occurs in the system from the first resolver 31 to the
controller 15, the entire motor drive system can appropriately
acquire the rotation angle q of the shaft 12. Even when an
abnormality occurs in the system from the second resolver 32
to the controller 16, the rotation angle q of the shaft 12 can be
detected based on the electric signal output from the first
resolver 31 in the controller 15 similarly as above.

More specifically, the controller 16 can acquire the rotation
angle q of the shaft 12 from the second resolver 32, 1rrespec-
tive of whether the system from the first resolver 31 to the
controller 15 operates. Similarly, the controller 15 can
acquire the rotation angle q of the shaft 12 from the first
resolver 31, irrespective of whether the system from the sec-
ond resolver 32 to the controller 16 operates. More specifi-
cally, the controllers 15 and 16 can acquire the rotation angle
g of the shaft 12 from the corresponding resolver, 1irrespective
of whether the other controller acquires the rotation angle q of
the shaft 12 from the corresponding resolver. It can be said
that the controllers 15 and 16 are electrically independent in
the acquisition of the rotation angle q of the shait 12 from the
sensor portion.

Thus, 1n the motor drive system according to Embodiment
2, both the system of rotating the brushless motor 10 and the
system of detecting the rotation angle q of the shaft 12 are
duplicated and each system 1s configured to be independently
operable. As a result, a double safety system can be achieved
in which even when an abnormality occurs in one system, the
other system can continue the operation.

Although Embodiment 2 describes the configuration in
which the sensor portion 1s duplicated, either one of the first
resolver 31 and the second resolver 32 may be omitted. For
example, when the second resolver 32 1s omitted, the first
resolver 31 may receive the supply of an excitation voltage
from the controller 15 (or an oscillator which 1s not 1llus-
trated) and may output an SIN output voltage and a COS
output voltage to both the controllers 15 and 16.

REFERENCE SIGNS LIST

10 Brushless motor
11 Rotor

12 Shaft

13 Stator

15,16 Controller
20 Magnet

22 Teeth

23 Coil

31 First resolver
32 Second resolver

41 Excitation coil
42 First coil

43 Second coil

44 Resolver teeth
48 Resolver stator
49 Resolver rotor
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The mvention claimed 1s:
1. A motor drive system, comprising:
a motor having a plurality of coils classified into a group A

and a group B, a stator having a plurality of teeth, around
cach of which any one of the coils classified into the
group A and the group B 1s wound and which are
arranged 1n an annular shape, a rotor shaft which 1is
provided 1nside the stator and extends 1n the axial direc-
tion, and a rotor which 1s externally fitted to the rotor

shaft;

a irst controller which applies three-phase voltages of a U
phase, a V phase, and a W phase to each coil classified
into the group A;

a second controller which applies the three-phase voltages
to each coil classified into the group B; and

wherein a sensor portion outputs an electric signal accord-
ing to a rotation angle of the rotor shaft to the first
controller and the second controller;

wherein a number X of magnetic poles of the teeth of the
stator and a number Y of magnetic poles of magnets of
the rotor satisty Expression 1, X:Y=6n:6n+2, wherein, n
1s an mteger of 2 or more;

wherein a total number of the coils when the teeth of the
stator are set as one unit 1s equal to the number X of
magnetic poles of the teeth;

wherein both a total number of the coils contained 1n the
group A and a total number of the coils contained 1n the
group B 1s X/2;

wherein the first controller and the second controller apply
the three-phase voltages to the corresponding coils, 1rre-
spective of whether the other controller applies the
three-phase voltages to the coils;

wherein an induced voltage of each coil 1n each of the
group A and the group B constitutes the three phases and
the phase of the induced voltage of each coil of the same
phase 1n each of the groups 1s the same;

wherein there 1s a phase difference between the induced
voltage of each coil contained 1n the group A and the
induced voltage of each coil contained 1n the group B;
and

wherein the sensor portion has a first sensor and a second
sensor each having a resolver stator having a plurality of
resolver teeth, around each of which an excitation wind-
ing, a first output winding, and a second output winding
are wound and which are arranged in an annular shape
and a resolver rotor which 1s provided inside the resolver
stator and 1ntegrally rotates with the rotor shatt.

2. A motor drive system, comprising:

a motor having a plurality of coils classified into a group A
and a group B, a stator having a plurality of teeth, around
cach of which any one of the coils classified into the
group A and the group B 1s wound and which are
arranged 1n an annular shape, a rotor shait which 1s
provided inside the stator and extends 1n the axial direc-
tion, and a rotor which 1s externally fitted to the rotor
shaft;

a irst controller which applies three-phase voltages of a U
phase, a V phase, and a W phase to each coil classified
into the group A;
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a second controller which applies the three-phase voltages
to each coil classified into the group B; and

wherein a sensor portion outputs an electric signal accord-
ing to a rotation angle of the rotor shaft to the first
controller and the second controller:

wherein a number X of magnetic poles of the teeth of the

stator and a number Y of magnetic poles of magnets of

the rotor satisty Expression 1, X:Y=6n:6n+2, wherein, n

1s an mteger of 2 or more;

wherein a total number of the coils when the teeth of the
stator are set as one unit 1s equal to the number X of
magnetic poles of the teeth;

wherein both a total number of the coils contained 1n the
group A and a total number of the coils contained 1n the
group B 1s X/2;

wherein the first controller and the second controller apply
the three-phase voltages to the corresponding coils, irre-
spective of whether the other controller applies the
three-phase voltages to the coils;

wherein an mnduced voltage of each coil 1n each of the
group A and the group B constitutes the three phases and
the phase of the induced voltage of each coil of the same
phase 1n each of the groups 1s the same;

wherein there 1s a phase difference between the induced
voltage of each coil contained in the group A and the
induced voltage of each coil contained in the group B;

wherein the sensor portion has a first sensor and a second
sensor each having a resolver stator having a plurality of
resolver teeth, around each of which an excitation wind-
ing, a first output winding, and a second output winding,
are wound and which are arranged in an annular shape
and a resolver rotor which 1s provided inside the resolver
stator and 1ntegrally rotates with the rotor shatft;

wherein the first controller applies an excitation voltage to
the excitation winding of the first sensor and detects a
rotation angle of the rotor shait based on a combination
of output voltages of the first output winding and the
second output winding of the first sensor; and

wherein the second controller applies an excitation voltage
to the excitation winding of the second sensor and
detects the rotation angle of the rotor shaft based on the
combination of the output voltages of the first output
winding and the second output winding of the second
SeNsor.

3. The motor driving system according to claim 1, wherein

the number X of magnetic poles of the teeth 1s 12 and the
numberY of magnetic poles of the magnets 1s 10 or 14.

4. The motor driving system according to claim 1, wherein

the first controller applies an excitation voltage to the excita-
tion winding of the first sensor and detects a rotation angle of

t
t

e rotor shait based on a combination of output voltages of
ne first output winding and the second output winding of the

first sensor.

5. The motor driving system according to claim 1, wherein

the second controller applies an excitation voltage to the
excitation winding of the second sensor and detects the rota-
tion angle of the rotor shait based on the combination of the
output voltages of the first output winding and the second
output winding of the second sensor.
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